ABSTRACT Mosquitoes, Mansonia indiana Edwards, 1930, were collected from non-endemic area of human lymphatic Þlariasis and tested for their susceptibility of infection using nocturnally subperiodic Brugia malayi Buckley & Edeson, 1956. Three cats naturally infected with B. malayi were used in the experiment for mosquitoes feeding. The data revealed that the susceptibility of mosquito infection ranged from 30 to 70%. The results also revealed that the susceptibility rates were not linearly correlated to the microÞlarial densities in the cat at the time of feeding. The microÞlarial density in cats ranged from 15 to 27 per 10 l of blood whereas the mean number of third stage larvae in the infective mosquitoes ranged from 21.6 to 26.8. In addition, statistical analysis showed no signiÞcant difference (P Ͼ 0.05) between the mean number of third-stage larvae in mosquitoes and the density of microÞlaria in cats. The study indicated that Ma. indiana, collected from non-endemic areas, is capable for transmitting the nocturnally subperiodic B. malayi.
ELEPHANTIASIS IS A human lymphatic Þlariasis caused by
Brugia malayi Buckley & Edeson, 1956 . It is commonly found on the Malaysian peninsula where the mosquitoes of the genus Mansonia are known to be important vectors (Iyengar 1953 , Wharton 1962 , Guptavanij et al. 1971a . In Thailand, human B. malayi infection has mainly been found in three provinces, e.g., Narathiwat (Wongsathuaythong et al. 1963) , Nakhon Sri Thammarat (Vasuvat et al. 1966) , and Chumphon (Harinasuta et al. 1970 , Guptavanij et al. 1971b ). Iyengar (1953) reported that four species of Mansonia and Þve species of Anopheles were the competent vectors of B. malayi infection in these provinces. Similarly, Guptavanij et al. (1971b) has demonstrated that Ma. dives Schiner,1868 , Ma. uniformis Theobald, 1930 , and Ma. bonneae Edwards, 1930 were the possible natural vectors of B. malayi in the southern area of Thailand. In addition, Harinasuta and Sucharit (1977) had reported that seven species of Mansonia (Ma. nigrosignatus Edwards, 1971 , Ma. annulata Leicester, 1908 , Ma. annulifera Theobald, 1901 , Ma. bonneae, Ma. dives, Ma. Indiana Edwards, 1930 were found in Chumphorn province, an endemic area of the elephantiasis. However, susceptibility studies of the Mansonia sp. to B. malayi were limited. Although Ma.
indiana is not commonly found in the Þlarial endemic area, it is abundant in suburban regions around Bangkok, the capital city of Thailand. Hence, the study of its susceptibility to B. malayi will be useful for gaining fundamental knowledge of Þlariasis control. Information gained can be used as a model for production and molecular studies of third-stage larvae (L3). The data will also be beneÞcial for epidemiological studies on the distribution of parasite-susceptible and parasite-resistant strains of the mosquitoes as well as for prevention, protection, and eradication plans of Þlariasis in Thailand.
Materials and Methods
Mosquitoes. Adult female Ma. indiana mosquitoes were collected from Samuthprakan province, a nonendemic area of human lymphatic Þlariasis. The technique of bare-leg-catch method (BLC) was used. Approximately 1,000 mosquitoes were caught. From these, 100 mosquitoes were transferred to each of 10 plastic cups, covered with nylon netting. Each mosquito-containing cup was used for feeding on the naturally B. malayi infected cats.
Feeding Process. Four cats, naturally infected with B. malayi, were obtained from Narathiwat province. They were used for feeding all of the mosquitoes, and were anesthetized with nembutal and their abdomen were shaved to allow mosquito feeding process at the time of the microÞlarial peak (Ϸ2200 hours). The microÞlarial (mf) counts were recorded before and after the feeding by the observation of 10 l thick Þlm blood smear. After incubation for 11 d, the mosquitoes were dissected in saline buffer. Third-stage larvae were isolated from the proboscis, head, and thoracic of infected mosquitoes and subsequently collected by observation under a stereoscopic microscope.
Statistical Analysis. Statistical analysis of the mean number of third stage larvae per infected mosquito was made by using analysis of variance and the SPSS/ PC ϩ program.
Results
Three groups of 100 female Ma. indiana were fed on each of three cats naturally infected with B. malayi. The initial microÞlaria density per 10 l of blood was 15, 18, and 27% (Table 1) . After an 11-d incubation period, 15, 10, and 50 of mosquitoes survived from cats 1, 2, and 3, respectively. Among mosquitoes that survived, 10, 7, and 15 were infected for cats 1, 2, and 3, respectively. This corresponded to an overall prevalence rate of infection of 0.11% (32 out of 300). The infected mosquitoes were subsequently dissected in saline buffer and the number of the third stage larvae in different locations were recorded. The mean total number of microÞlaria in dissected mosquitoes, including proboscis, head, and thorax, were 26.8, 24.0, and 21.6 in cats 1, 2, and 3, respectively. However, statistical analysis showed no signiÞcantly difference (P Ͼ 0.05) between the mean of the number of thirdstage larvae in mosquitoes and microÞlarial density (18 Ð27 mf/l). In addition, the percent of infection of survived female positive mosquitoes of cats 1, 2, and 3 were 66.7, 70, and 30%, respectively. Table 2 compares the number of examined mosquitoes and percentage of infection among Mansonia sp. from different geographical area of Malaysia, Indonesia, and Thailand. The total number of survived mosquitoes (25 mosquitoes) and mean percent of infection (68%) of cat one and two were reported.
Discussion
The main two species of Masonia, Ma. bonneae and Ma. uniformis, are currently recognized as natural vectors of B. malayi in Southeast Asia. This study demonstrated that the Ma. indiana, obtained from nonendemic area of human lymphatic Þlariasis, is also susceptible to nocturnally subperiodic B. malayi. The results were corresponded to those of Chiang et al. (1989) that the Ma. indiana from endemic and nonendemic area were susceptible for B. malayi.
As shown in Table 1 , the proportion of infected female Ma. indiana to the mean total number of microÞlaria in dissected mosquitoes ranged from 30 to 70%. The data indicate that the infective rates were decreased, whereas the microÞlarial densities in the cat increased. When mosquito consumed an excess number of microÞlaria (Ͼ18 microÞlaria per 10 l blood), it could not survive due to the increase in sizes of the parasites after their development to third-stage larvae. This was conÞrmed by data of the mean total number of third stage larvae in Ma. indiana which was 26.8 per infective mosquito, whereas the highest microÞlaria density in a cat was 15 microÞlariae per 10 l of blood. The results were in contrast to those of Chiang et al. (1989) who reported that the number of third stage larvae developed in Ma. uniformis was continuously increased (from 1.54 to 27.8 per mosquito) in correlation with the densities of microÞlariae in cat (from 9 to 262 per 20 l). This study also revealed that the minimum number of microÞlarial density in cat at the time of feeding was nine microÞlaria per 10 l blood. The experiment was approved by the ethic committee of Faculty of Medicine Srinakharinwirot University. Wharton (1962) . b Total number of survived mosquitoes of cats 1 and 2. c Mean percent of infection of cats 1 and 2.
